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Learning Objectives 

 

• To become familiar with basic radiological units                                 such as 

becquerel (Bq), curie (Ci), sievert (Sv), etc. 

 

• To become familiar with basic radiological quantities such as activity, specific 

activity, dose rate, etc. 

 

• To understand the relationships between the basic units 

 

• To get to know how to use the Mass Activity Converter module in Nucleonica 

to convert between different units. This requires familiarity with the Glossary, 

Help, Calculator 

 

• How to use mixtures 

 

• To strengthen the above understanding through a series of problems and 

exercises. 
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 external and internal dosimetry quantities 

such as the gamma dose rate (where the 

distance is required)  

 

 the committed effective doses for inhalation 

and ingestion.  

 

 the amount of heat generated – isotopic 

power – through radioactive decay for α, 

α+β, and α+β+γ.  

 

The mass activity calculator is a popular 

tool for conversion between different 

physical quantities (e.g. mass, activity, 

number of atoms, etc.).  

In the this example, the nuclide Co-60 is 

selected. A different nuclide can be selected 

from the element and mass drop-down 

menus. The default source strength is 1 

MBq. In the unit drop-down menu, the 

source strength is shown in becquerel (Bq), 

curie (Ci), number of atoms, etc. The user 

can also select  a previously defined nuclide 

mixture (by clicking on the Mixture selector). 

Further information is given in the 

Nucleonica wiki. 

Overview… 



Element information… 



Help: Nucleonica Wiki… 



Wiki Help: Basic Quantities and Relations  



Wiki Help: Derived Quantities  



Nuclide Selector 



he Nuclide Chart icon shows the location of 

the selected nuclide on the nuclide chart. 

To the right of this, the nuclide mixture link 

can be used to select a nuclide mixture.  

 

The source strength can be specified by 

using the drop-down menus (see the 

following section). The default source 

strength is 1 MBq.  

 

In the Unit/Quantity drop-down menus, the 

source strength is shown in becquerel (Bq), 

curie (Ci), number of atoms, etc. This can 

then be converted to other units.  

 

 

Nuclide Chart icon 



Nuclide 

Mixtures 



The input unit can be changed in 

the Unit drop down menu. The 

default unit is Bq. Had the value Ci 

been selected, on pressing the 

Convert button, the corresponding 

values in grams, Bq, number of 

atoms etc. are shown in the 

Convert to/Quantity table.  

Once the unit and quantity have been selected in the 

Unit/Quantity Selector, the source strength in other units is 

given in the physical quantity table, by pressing the Convert 

button. The results are shown for 1 MBq Co-60.  

Converter 



Options 



Mixtures 



The mass activity calculator can also 

be used for nuclide mixtures. In the 

diagram shown, the nuclide mixture 

“natural uranium” has been selected. 

This mixture has been previously 

created in the Nuclide Mixtures module 

for 1 mole (of atoms) of natural 

uranium containing  

 

0.9927       mole U-238,  

7.114x10–3 mole U-235 and  

5.310x10–5 mole U-234.  

 

As can be seen, even 1 mole of atoms 

of natural uranium, with a mass of 238 

gram and activity of almost 6 MBq 

(without daughters), has a negligible 

gamma dose rate and heat emission 

rate (isotopic power).  

Nuclide Mixtures 
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Exercises Mass Activity Converter 
  

1. Calculate the specific activities of C-14 and S-35? (1.7E11 Bq/g (4.5 Ci/g), 1.6E15 Bq/g 

(4.3E4 Ci/g)). 
 

2. The activity of Sr-90 is 18,000 transformations per minute. What is the mass of 

Sr-90?  (mass = 5.87E-11g).  
 

3. Six grams of carbon from a piece of wood found in an ancient temple are 

analysed and found to have an activity of 10 transformations per minute per 

gram of carbon. How many atoms of C-14 are present in the sample and what is 

their mass? (2.6E11 atoms, mass = 6.0E-12 g) 
 

4. What is the dose rate from a 100 MBq source of Co-60 at 2m distance? (8.4 µSv/h) 
 

5. How many grams of Y-90 are in secular equilibrium with 1 mg Sr-90? (0.25 µg) 
 

6. The environmental burden of C-14 is as follows: in the atmosphere 4 MCi, in 

plants 13 MCi, in the oceans 240 MCi. What are the masses of C-14 in a) the 

atmosphere, b) in plants, c) in the oceans?  

     (893 kg, 2.9 metric tonnes, 53.6 tonnes)  



7. Consider the nuclide mixture „Juelich file“ containing 65 nuclides 

 

• What is the total activity and mass? (1.39e10 Bq, 2562 g) 

 

• What is the total gamma dose rate at 1m? (114 µSv/h) 

 

• What is the total neutron emission rate? (116.7 neutrons per second) 

 

• What is the total amount of heat produced? (5.877e-4 W) 

 

• Which nuclide has the hifghest activity? (Sr-90) 

 

• Which nuclide has the highest mass? (U-238)  

 



8. It is suspected that a radioactive sample contains HEU. The gamma dose rate 

at 3 cm is 2 µSv/h (without shielding).  
 

• What is the mass of HEU giving rise to this dose rate? (1.165g). 
 

The neutron emission rate is measured to be 1 n /s. What can you conclude about 

the radioactive source? (It is not HEU) 
 

 

9. The concentration of potassium (K) in humans is about 1.7 g/kg. What mass of 

potassium does an average person (weight 80 kg) contain? (136 g).   

• What is the atomic weight of potassium? Hint: see the sample mixture in the 

Nuclide Mixtures (39.0983) 
 

• What is the total number of atoms of potassium? (2.09E24 atoms) 
 

• What is the total number of atoms of K-40? (2.45E20 atoms K-40).                

What is the abundance of K-40? (0.0117 atom%) 
 

• What is the mass and activity of K-40 in this person? (1.63E-2 g, 4.26 kBq). 

Exercises Mass Activity Converter 


